JC Polyomavirus (JCPyV) has the potential to be used as a viral marker for human waste contamination because at least 40% of the human population excretes this virus through its urine. In addition, each of 6 known subtypes of JCPyV is associated with a specific human ethnicity group, which has allowed for tracing of human migration. This study aims to explore the possibility of linking the genetic diversity of JCPyV with source of human waste. Primary sewage effluent from Irvine Ranch Water District (IRWD) sewage treatment facility was collected and examined for the presence of JCPyV using polymerase chain reaction (PCR). JCPyV was detected by nested PCR using primers specific to the conservative regulatory region in 100% of the 13 samples collected monthly over a year. Only 5 samples were amplifiable by the primers specific to the diverse intergenic region of the virus. Sequence analyses of cloned amplicons from the intergenic region indicated that JCPyV matched subtypes of European, Asian, African and AfricanAmerican origins. A genotype that is unique from previously identified clinical sample is also revealed. This research suggests the diversity of JCPyV subtypes can be used as a tool to trace the source of human waste contamination.
INTRODUCTION
The polyomavirus, JC (JCPyV), is an opportunistic pathogen and responsible for progressive multifocal leukoencephalopathy (PML) in immunocompromised individuals (Hammarin et al. 1996) , usually those with Acquired Immune Deficiency Syndrome (AIDS). Infected individuals may have brain tissue damage which can lead to brain tumors (Enam et al. 2002) . JCPyV contains a doublestranded circular DNA genome which is approximately 5.13 Kb in size and replicates bidirectionally. There is an early region (small and large T antigen), a late region (VP1, during childhood; the virus can remain persistent in renal cells and can continue to be excreted in urine for a life-long period (Padgett & Walker 1973) . The infection remains asymptomatic throughout an infected individual's life, unless the immune system becomes compromised.
JCPyV has a wide distribution within the human population. Studies estimate that the prevalence of JCPyV within the human population is 75%, by examining adults who have antibodies for JCPyV (Padgett & Walker 1973) .
There are currently seven major genotypes of JCPyV, which correspond to three main areas of the world -Europe, Asia, and Africa: genotypes 1 and 4 are found in Europe, types 2 and 7 are in Asia, types 3 and 6 are in Africa, and type 5 is a recombinant type between type 2b and 6. A possible eighth genotype is being proposed for isolates found in Papua New Guinea ( Jobe et al. 2001) . Table 1 .
Nucleotide sequence accession numbers
The sequences reported in this paper have been deposited in the GenBank database under accession numbers EF369493, EF369494, EF369495, EF369496, EF369497, EF369498, EF369499, EF369500, EF369501, EF369502, EF369503, EF369504, EF369505, EF369506 for sequences 1 to 14, respectively. 
DISCUSSION Prevalence of JCPyV in urban sewage
The 100% detection rate for RR of JCPyV in a Southern California sewage facility is not surprising although a Therefore, the ability to detect JCPyV and its stability in sewage make it a potential marker of human waste contamination within the environment.
